Abstract: This paper studies the control system of self-excavated excavator, which is based on the working device of the small type loader. Firstly, the kinematics model of the working device is established by D-H method, so that the trajectory planning of the vehicle speed, boom oil cylinder and bucket oil cylinder drive equation is obtained. Combined with the advantages of PID control and fuzzy control, the fuzzy adaptive PID controller of the actuator is designed. Finally, the simulation model of the hydraulic system position controller is built in Simulink. The simulation results show that the displacement error of the actuator is within 0.5mm.
Introduction
Operating conditions of loader actuator are mainly excavation materials, heavy transport and discharge and so on. Among them, the excavation of materials is the process of the required largest power of the process. The excavation operation of the non-intelligent loader is accomplished by manipulating the boom handle or the bucket handle by the operator, not only the work intensity is large, but also the operation efficiency is low [1] [2] . The current operating methods used by the loader include single shovel method and matching shovel method, the single shovel method let the bucket blade insert the bottom of object, when the depth equal the length of bucket bottom, the loader stops moving forward, and then the turning cylinder moving to upward and realize bucket flipping. Matching shovel method is that when loader body moving forward, the boom is enhancing bucket is turning around at the same time .Although the single shovel method is simple to operate, the driver's operating level is not demanding, but its operating resistance is 2 to 3 times more than the matching shovel method [3] , which means that the more energy is consumed. The ideal shovel operation should not only meet the lower energy consumption rate, but also pay attention to reasonable labor costs. Therefore, if you can use the robot technology and intelligent control technology to achieve the automatic excavator digging operations to eliminate the human and energy waste caused by differences level of driver's operation , improve the efficiency of the loader, it is undoubtedly on the modernization and social development is of great significance and value.
The dynamic digging model construction of loader
The working device of the loader is composed of bucket, boom, rocker, connecting rod, bucket oil cylinder and boom oil cylinder, as shown in Fig 1. 1.The entire working device is connected to the front frame and the bucket is articulated to the bucket oil cylinder through the connecting rod and rocker for loading and unloading the material; The boom is articulated to the front frame and the boom oil cylinder to lift the bucket. In the case of excavation, the loader can be regarded as having three degrees of freedom, which are the translation of the body, the lifting of the boom and the turning of the bucket. 
Fig1.1 Loader working device
The working device of the loader can be viewed as a 2-DOF robot operating arm whose position of the end is controlled by the change in the length of the boom oil cylinder and the bucket oil cylinder. Therefore, the robot kinematics method can be used to analyze the loader working device [4] . The D-H method is used to model the loader working device. The following steps i ( 0,1, 2) i = can be used to establish a coordinate system i i i i O X Y Z that is fixed to the bars.
( After establishing the D-H coordinate system, it is necessary to determine the four geometric parameters i
a of the bar to realize the transformation between the coordinate system. These parameters establish a 4×4 homogeneous transformation matrix for the rod coordinate system at each joint, indicating its relation to the previous rod coordinate system. The value of the D-H parameter of the loader working device is shown in Table 1 
Then the homogeneous transformation matrix of the bucket end relative to the base coordinate system can be presented as (1.3) as following:
According to Eq. (1.3), the positive solution of the bucket tooth tip position can be easily obtained, and the inverse solution of the tooth tip position is obtained by using this positive solution, that is the joint angle 1 θ , 2 θ in Table1.1.
Setting coordinates of the loader bucket tip P is ( , , 0) 
According to the combined excavation method, the space position of the bucket tooth tip depends on the movement of the working device itself and its horizontal movement with the vehicle body during the excavation operation. The predetermined excavation trajectory consists of a series of points ( , ) X Y , then
s is the distance of the loader traveling in the direction of X , then the excavation trajectory can be obtained( 1.6): 
1Control system model of loader actuator
The core of the actuator control system is the Electra-hydraulic proportional closed-loop position control system, which consists of a hydraulic source, a control mechanism, an actuator and a controller. The displacement sensor detects the displacement of the hydraulic cylinder and feeds back to the input of the proportional amplifier. Compared with the given electrical signal, the obtained deviation signal is amplified to control the throttle opening of the proportional directional valve until the deviation is zero. The output displacement of the hydraulic cylinder corresponds to the input electrical signal and is proportional to the input electrical signal. 
Under normal circumstances, when the natural frequency of the proportional valve is much higher than the natural frequency of the power mechanism, the proportional valve can often be reduced to proportional links, Thus, the open-loop transfer function can be approximated as:
The closed-loop transfer function of the system:
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2.2.The actuator fuzzy adaptive PID control simulation model
The basic idea of fuzzy adaptive PID control is to combine PID control and fuzzy control. Based on the knowledge representation of fuzzy mathematics and fuzzy language [5] , the condition and operation of fuzzy rules are expressed, and the fuzzy control rules and related information are stored Into the computer knowledge base, according to the system response, the use of fuzzy reasoning automatically realize the best adjustment of the three parameters of PID.The Structure of Fuzzy Adaptive PID Controller for Loader Working Device is shown in Figure 2 After repeated testing, the initial PID parameter is set to 0
The step signal test simulation is carried out on the fuzzy adaptive PID control system. The response result is shown in Figure 2 .5. response curve under the fuzzy adaptive PID controller The results of step response simulation are shown that with fuzzy adaptive PID correction, the system response speed is high, the accuracy is high, the overshoot is small, the system is stable and the control effect is better. According to the results of the second chapter trajectory planning, the position control system simulation of the actual signal of the boom oil cylinder and the bucket oil cylinder is carried out, and the tracking effect of the fuzzy adaptive PID controller is observed to lay the foundation for the autonomous excavation of the loader. The displacement tracking simulation and error analysis of boom oil cylinder and bucket oil cylinder are shown in Figure 2 .6 and2.7 respectively. From the simulation results can be seen, the result of the loader working device hydraulic system fuzzy adaptive PID position control is quite satisfactory. It can be clearly seen from the error diagram that the maximum error of the trajectory tracking of the boom oil cylinder is 4.2×10-4m and the maximum error of the track of the bucket cylinder is 1.7×10-4m, both of which occur in the hydraulic cylinder time. This is because the hydraulic pump suddenly opened, the oil pressure of the system rises instantaneously causing the shock wave through the proportional valve reached the hydraulic cylinder, and it will inevitably produce a certain impact. Although there will be some track tracking error for two hydraulic cylinders in the start of a period of time ,the accuracy is controlled within 0.5mm, indicating that the design of the location control system is reasonable.
Conclusion
In this paper, the dynamic model of the working device is established and the control system model of the whole working device is established. Based on the advantages of PID control and fuzzy control, a fuzzy adaptive PID controller is designed for the position control system of the working device. The simulation results show that the boom cylinder and the bucket cylinder can move according to the given trajectory, and the displacement error is controlled within a reasonable range, which lays the foundation for the next step of the independent excavator simulation.
